Background and Purpose-Higher proportions of hemorrhagic stroke and lacunar infarction were reported in rural Japan compared with those in Western countries. We examined the relative proportions of stroke subtypes in an urban Japanese city where westernized lifestyles are more common than in rural areas. Methods-Stroke registration was performed in 1992, 1997, and 2002 for residents Ն40 years of age who were admitted with acute strokes to all of the 10 hospitals with Ն90 beds in Yao City, Osaka, Japan. Strokes were classified as intraparenchymal hemorrhage, subarachnoid hemorrhage, or ischemic strokes (embolic infarction, large-artery occlusive infarction, lacunar infarction, and unclassified thrombotic infarction) by criteria using computed tomography or MRI. Results-A total of 650 first-ever strokes were registered. The age-adjusted proportion of each stroke subtype was not significantly different among the 3 study periods in both men and women. Throughout the 3 periods, intraparenchymal hemorrhage, subarachnoid hemorrhage, and ischemic stroke accounted for 26%, 7%, and 65% in men, respectively. In women, the respective proportions were 29%, 21%, and 44%. The proportion of each subtype for total ischemic strokes was as follows: 51% to 61% lacunar infarction, 25% to 26% large-artery occlusive infarction, and 11% to 17% embolic infarction. Conclusions-Our study showed that hemorrhagic stroke represented a large proportion of all strokes, especially among women, and lacunar infarction was the most common subtype of ischemic stroke among both men and women in Yao City, which differed from findings in Western countries.
A ccording to population-based studies on stroke incidence conducted in the 1960s and 1970s, Japanese rural populations had a higher incidence of total stroke, in particular intraparenchymal hemorrhage, compared with those in the United States and European countries. [1] [2] [3] [4] The higher proportions of intraparenchymal hemorrhage and lacunar infarction in rural Japan than in US populations have been confirmed by epidemiological studies using computed tomography (CT) as a diagnostic tool since the 1970s. [5] [6] [7] [8] [9] [10] However, there have been few findings about the relative proportions of stroke subtypes in the Japanese urban population, where westernized lifestyles are more common than in rural areas. This study describes the proportions of stroke subtypes as estimated by data from hospital-based stroke registry in an urban Japanese city.
Subjects and Methods
The surveyed population were residents of Yao City, an urban city in Osaka Prefecture in Japan, with a total census of 274 777 (133 956 men and 140 821 women) in the calendar year 2000. Persons living in areas outside Yao City were not registered. Stroke registration was performed in 1992, 1997, and 2002 for residents aged Ն40 years who were admitted with acute strokes to all of the 10 hospitals with Ն90 beds in Yao City. Patients with an acute neurological illness were usually admitted to these hospitals, which provide diagnoses and acute care. The total number of beds of the participating 10 hospitals was 2149, which occupied 90% of the total 2391 beds of all 14 hospitals in the city in 1992. Among the 10 hospitals, 2 were closed between 1993 and 1996; therefore, 8 hospitals participated in 1997 and 2002. According to the official statistics about ambulance use, the proportion of residents who were transferred to neurosurgery departments in the participating hospitals among those in all hospitals, including those outside Yao City, was 92% (920 of 995) in 1992, 89% (1311 of 1476) in 1997, and 89% (1545 of 1740) in 2002. The proportion of persons aged Ն70 years among the subjects increased from 10% in 1992 to 17% in 2002 for men and from 17% in 1992 to 23% in 2002 for women.
All hospitalized residents who experienced a first stroke were registered. The hospital records for all patients with admission records of possible stroke or discharge diagnoses of stroke were reviewed by the study physicians (A.K. and Y.N.). Once a case was identified, we obtained information about neurological symptoms, medical history, and findings of several diagnostic tests, including CT, MRI, cerebral angiography, electrocardiography, and echocardiography.
The diagnosis of stroke was made according to the criteria of the National Survey of Stroke, 11 which requires a constellation of neurological deficits of sudden or rapid onset lasting Ն24 hours or until death. We excluded stroke resulting from infection, trauma, malignancy, and vascular malformation. In addition, recurrent strokes and patients with asymptomatic lesions detected by brain imaging were excluded. Events were classified as intraparenchymal hemorrhage, subarachnoid hemorrhage, or ischemic strokes by CT or MRI using standardized criteria. 12 A stroke case that was diagnosed clinically but showed no lesion on CT or MRI was classified as stroke of undetermined type. Ischemic stroke was categorized as embolic infarction or thrombotic infarction. A diagnosis of embolic infarction was made when evidence of an embolic source was present in the medical records and if imaging studies and a neurology consultation supported the diagnosis. Thrombotic infarctions were further classified as large-artery occlusive infarction, lacunar infarction, or unclassified thrombotic infarction based on the results of CT or MRI, according to the criteria of the Perth Community Stroke Study. 13 We calculated age-adjusted proportions of stroke subtypes by the direct method of standardization to the age distribution of the total stroke patients to compare the proportions in 3 study periods as well as between men and women. Sex-specific proportions of stroke subtypes were examined because proportions of stroke subtypes were reported to vary between the sexes. 5, 7 Linear trends in the proportions in 1992, 1997, and 2002 were tested using the 2 test for trend. The study was approved in advance by the ethics committee of the Osaka Medical Center for Health Science and Promotion.
Results
A total of 650 first-ever strokes were recorded: 190 in 1992, 206 in 1997, and 254 in 2002. The highest proportion of patients comprised men 60 to 69 years of age and women 70 to 79 years of age or Ն80 years of age in each study period ( Table 1) .
The numbers and age-adjusted proportions of stroke subtypes among total strokes are shown in Table 2 . The proportion of each stroke subtype did not significantly differ among the 3 study periods in either sex. Throughout the 3 periods, Numbers in parentheses are 95% CIs.
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intraparenchymal hemorrhage, subarachnoid hemorrhage, and ischemic stroke accounted for 26%, 7%, and 65% of all strokes among men. For women, intraparenchymal hemorrhage and subarachnoid hemorrhage accounted for 29% and 21%, respectively, of all strokes, resulting in higher proportions of hemorrhagic stroke than ischemic stroke (50% versus 44%). The proportions of intraparenchymal hemorrhage, subarachnoid hemorrhage, and ischemic stroke were 31%, 10%, and 56%, respectively, among men 40 to 69 years of age, and 20%, 4%, and 73% among those Ն70 years of age. For women, the respective proportions were 29%, 27%, and 39% among those 40 to 69 years of age, and 31%, 14%, and 50% among those Ն70 years of age. The age-adjusted proportions of stroke subtypes among ischemic strokes did not significantly differ among the 3 study periods in either sex (Table 3 ). Throughout the 3 periods, lacunar infarction, large-artery occlusive infarction, and embolic infarction accounted for 51%, 25%, and 17% of all ischemic strokes among men and 61%, 26%, and 11% among women. The proportions of lacunar infarction, largeartery occlusive infarction, and embolic infarction were 55%, 29%, and 12%, respectively, among men 40 to 69 years of age, and 48%, 22%, and 22% among those Ն70 years of age. For women, the respective proportions were 70%, 24%, and 4% among those 40 to 69 years of age, and 51%, 27%, and 19% among those Ն70 years of age.
Discussion
We observed a relatively high proportion of hemorrhagic stroke in Yao City between 1992 and 2002. Intraparenchymal hemorrhage accounted for Ϸ30% of all strokes in men and women. Furthermore, in women, subarachnoid hemorrhage constituted Ϸ20% of all strokes, and therefore about half of the strokes were hemorrhagic type in women. These proportions of stroke subtypes were similar to those from our previous study 6 using the same criteria in rural Japan.
Findings from other community-based studies on firstever stroke subtypes are shown in Table 4 . Compared with the results from 3 hospital-based studies in the United States, 8 -10 the present study showed the higher proportions of both intraparenchymal hemorrhage and subarachnoid hemorrhage, which were similar to previous hospital-based studies in rural Japan 5 as well as in Korea, 14 although there may be differences in age distribution and criteria of diagnosis among the studies.
Reviewing population-based studies since the 1990s worldwide, we found that the proportion of intraparenchymal hemorrhage was reported to be highest in Chinese, 22 followed by the proportions in rural Japanese 7 and Chileans. 21 The proportion of subarachnoid hemorrhage was highest in Finns, 19 followed by the proportion in Japanese. 7 The high proportion of hemorrhagic stroke in Japanese similar to other Asian populations may be attributed to environmental factors as well as genetic factors. The national survey of circulatory disorders with a representative sample of Japanese Ն30 years of age in 2000 23 showed that hypertension and heavy drinking, strong risk factors for hemorrhagic stroke, were common in Japan. The proportion of hypertension, defined as systolic pressure of Ն140 mm Hg, diastolic pressure of Ն90 mm Hg, or taking antihypertensive medication, was reported 57% in men and 45% in women. The proportion of heavy drinkers, defined as persons having Ͼ14 drinks per week, was 46% in men and 11% in women. The proportions of hypertension and heavy drinkers among Japanese seem to be higher than those among Americans, 24 although full comparisons cannot be made.
The proportion of ischemic stroke was higher among men and women Ն70 years of age than among those 40 to 69 years of age. The higher proportion of ischemic stroke among older persons was reported from other studies. 5, [15] [16] [17] 21 With regard to the subclassification of ischemic stroke, lacunar infarction accounted for Ͼ50% of all ischemic strokes in the present study, which was similar to previous studies in Japanese rural Numbers in parentheses are 95% CIs.
populations. 6, 25 The proportion of lacunar infarction in Japanese communities (51% to 61%) was much greater than that in the previous 3 American hospital-based studies (15% to 27%) 8 -10 and an Australian community-based study (10%). 13 According to a recent nationwide hospital-based study of Japanese, 26 the proportions of lacunar stroke, atherothrombotic infarction, and cardioembolic infarction were 39%, 33%, and 22%, respectively, but these findings were based on 156 large hospitals all over Japan, of which Ͼ50% equipped a specialized stroke care unit or intensive care unit. Therefore, in that study, it is possible that severe ischemic patients with cardioembolic or atherothrombotic stroke were likely to be admitted to the participating hospitals.
As for the study limitations, severe ischemic stroke cases can be transported to other stroke centers with dedicated stroke teams outside Yao City. However, according to the statistics of ambulance records, only Ϸ10% of the total ambulance patients were transported to hospitals outside Yao City. Furthermore, this proportion did not change in 3 survey periods. Thus, the transportation of patients out of the city is unlikely to affect the results substantially. Second, it is uncertain whether the present findings in Yao City were generalized to larger cities in Japan.
In conclusion, our study showed that hemorrhagic stroke represented a large proportion of all strokes, especially among women, and lacunar infarction was the most common subtype of ischemic stroke among both men and women in Yao City, which differed from findings in Western countries. We found no significant change in proportions of stroke subtypes during the last decade in this population. The present findings imply the importance of enhancing health care services to reduce case fatality among hemorrhagic stroke patients and to prevent stroke in Japan. 
